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Technologies of Energy Saving and Resources Saving
in the Japanese Cement Industry

1. Introduction

The Japanese cement industry with long history of over one century has come to take world's
top position in many fields such as cement quality, energy consumption, engineering
management at factories, labor productivity and environmental protection. In addition, the
cement industry has recently been tackling the utilization of wastes and others, and has
exhibited remarkable achievements so far.

On the other hand, there are technological themes for the cement industry against global
environmental issues, especially a global warming issue. For reducing greenhouse effect
gases, the promotion of further energy saving is desired. In other aspect, the promotion of
waste treatment as the social theme of Japan, it means the tackling of realization of
resources circulating society in broad meaning is strongly desired. As to this issue, the
cement industry is positioned as one of core industries for realizing the resources circulating
society aimed at zero emission, and is expected to contribute to the society, further.

2. Transition of clinker manufacturing process
A large amount of energy is consumed in the cement manufacturing process and also this
process is mass production type. For this reason, the manufacturing technology of
cement has been developed amid the history of improvement in efficiency by expansion of
production capacity, large scale-up.
The processes of manufacturing cement are constituted of 3 processes, namely a raw
material process, a burning process, and a finishing process. The technological renovation
and improvement have been proceeded in each process, and the burning process to
manufacture clinkers is situated as the core process.
In the burning process, pulverized mixtures of limestone, clay and other materials are
sintered at high-temperature (1,450°C) to form hydraulic minerals. Because the quality of
cement mostly depends on the quality of manufactured clinkers, the processes of cement
manufacturing have been shifted and developed with focus on the technological
development of burning process.
In the past days, c linker was burned in a shaft kiln. But after a rotary kiln came to be used,
various types were developed and adopted. Typical types are as follows.
@ Wet process

Raw materials are pulverized with water to make slurry, and dehydrated cakes are fed to
a kiln.
® Repole system

Raw materials are pulverized under dry process. After granulating, they are fed into a

kiln through a preheater.



@ Dry boiler system

The heat of kiln exhaust gas with high-temperature (700°C) is recuperated in a boiler, and
it is converted into electrical power.
The above process and systems were competed in 1960s in Japan. However, these kilns
had capacity of approx. 2,000 t/d, which means small scale with annual production of less
than 1 million tons.
Under such circumstances, the suspension preheater (SP) system was developed in
Germany in 1960, and it was a start of technology renovation leading to the present.
The suspension preheater is a heat exchanger facility, and it is consisted of large-scale
cyclones. The SP system had a feature that pulverized raw materials are fed from the
upper part of a preheater and are suspended in kiln exhaust gas for heat exchanging. By
this system, partially decarbonation reaction of limestone in raw materials proceeds in a SP,
and calcined raw materials are fed into a rotary kiln. As a result, the thermal efficiency of
burning process drastically increased than before, and the production capacity increased.
This system was imported into Japan in early stage, and as a result of technological
development of this system, a world's first 4,000 t/d scale kiln was realized in Japan.
Demands for expansion of production capacity were intensified further, and a really
innovatory new suspension preheater (NSP) equipped with pre-calciner was developed in
Japan in 1971. And an extra-large kiln with 8,000 t/d scale appeared. The feature of NSP
system is that most of decarbonation reaction of limestone is actively carried out in a NSP.
The maximum approx. 60% of heat quantity is used in pre-calciner. The burning of clinker
requires a large amount of thermal energy for the decarbonation of limestone (endothermic)
and the sintering reaction of clinker (exothermic). By supplying thermal energy for each
reaction in 2 separated places, thermal efficiency was improved and the rated capacity
increased to more than twice of the past.
Fig.1 shows the transition of production ratio of clinker by kiln system in Japan. In Japan,
new construction of NSP system and remodeling of existing kilns to NSP system had
proceeded by 1980, and various types of NSP system were developed during this transition.
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Fig.1 Production ratio of clinker by kiln system

NSP system has the following advantages compared with other systems.

(a) Heat quantity supplied to a kiln is what is required only for sintering of clinker, so
production capacity increases largely compared with the same diameter of kilns.

(b) The problem of "shortened life of lining brick", which was surfaced by the enlargement of
diameter of kiln in an SP system, is solved or mitigated by a decrease in thermal load per the
cross section of burning zone. And/, it enables the long-term stable operation.

(c) Because the burning quantity of fuel in the kiln decreases, the generation of thermal NOx
can be reduced.

NSP system is the most effective burning process from the practical viewpoint even at
present after passage of 30 years from the development. Kilns with 10,000 t/d scale were
frequently constructed in Asian counties in recent years, and all kilns adopted NSP system.

3. Rationalization and present state of the Japanese cement industry

Table 1 and Table 2 show the scale of the cement industry in Japan.

As of the year of 2000, the number of kilns is 65 and the capacity of kilns is about 87.2 million
tons/year. Approx. two-thirds of cement plant have a capacity of 1 - 3 million tons/year, and
93% of total cement production is produced by large scaled plants with a cement production
of over 1 million tons/year. There are 2 super mammoth plants with a cement production of
over 5 million tons/year.

Tabie 1 Cement industry in Japan (in 2000)

Companies 18

Plants 37

Kilns 65 million
Capacity of kilns 87.2 | tonsfy
Employees of plants | 4,758




Table 2 Kiln capacity of cement plants (in 2000)

Kiln capacity Number of Capacity Per plant capacity
(million tonsfy)  Plants ratio(%)  (million tonsfy)
05 ~ 1.0 8 7.5 0.822
10 ~ 20 11 18.8 1.488
20 ~ 3.0 10 28.8 2.509
30 ~ 40 3 13.3 3.871
40 ~ 5.0 3 16.0 4.645 .
5.0< 2 15.6 6.823 Origins of data; Cemetnt. Handbook 2000,
total/average 37 100.0 2.357 Japan Cement Association

By the innovation of clinker manufacturing technology, scale-up of production has rapidly
progressed. Following this change, other rationalizations have proceeded. Table 3 shows
this transition.

The number of kilns was nearly halved from 226 in 1970 to 98 in 1985 as a result of the
introduction of new technologies, and even afterwards the integration of production is further
advancing. Originally locality-based cement plants have been transformed to the wide-
range existence with the establishment of integrated production and mass transportation
system. In some cases, cement plants have been further transformed to the existence with
focus on overseas markets, and at present these situations are complicated.

The number of employees at cement plants have also decreased, and it is about one third of
that in 1970 at present. It is due to t he development of operation control techniques, the
improvement of reliability on facilities, and the subcontracting of part of jobs. As a result,
productivity reached about 16,000 tons/person-year, about 5 times of that in 1970.

Table 3 Transition of production rationalization

Year Number of |Number of |Kiln capacity |Clinker Plant Production per
plants Kilns Production | Workers |employee
(mt-clly) {million ton) (tons)
1970 58 226 86.4 54.9 16,549 3,316
1975 53 246 120.8 63.2 14,774 4,275
1980 53 192 126.4 86.3 10,830 7,965
1985 44 98 98.0 70.7 8,617 8,207
1990 41 80 87.2 75.3 6,949 10,834
1995 41 81 97.6 89.1 5,830 15,282
1999 89 75 95.6 74.3 4,758 15,606
2000 37 65 87.2 75.6 4,387 17,227

Fig.2 shows the transitions of productivity and operation rate of kiln. It is said that the
Japanese cement industry has reached maturing age, and the superfluous capacity
compared with demands has surfaced as a problem by recent economical stagnation. For
this reason, the abolishment or shutdowns of production lines are proceeding, and the
integration of production is expected to further proceed in the Japanese cement industry.
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Fig 3 Location of cement plants in Japan (in 2000)

Fig.3 shows the location of cement plants in Japan. In many cases large-scale plants
locate in coastal zones, those are endowed with limestone as a main raw material. And
these plants utilize ports for the import of coal as a main fuel and for the shipment of cement
in handling large quantities of transportation.

On the other hand, the production scale of plants located in inland is rather small, but some
plants located near big cities have large scale.

Because in the cement industry that requires large quantities of production and shipment in
general, inland plants are disadvantageous in various transportation costs. However,
following the advancement of utilization of wastes etc., the advantage of plants located near
big cities has appeared in terms of waste treatment, etc. It is related to new roles of
cement plants in the movement of construction of the resources circulating society.



4, Energy consumption of the cement industry

In cement manufacturing, the burning process mainly uses fuel (thermal energy) and
electrical power, and the raw material process and the finishing process mainly use electrical
power,

In addition to technological innovations and improvements in each process, the power
station by the waste heat and the utilization of various wastes as fuel are actively carried out.

1) Transition of specific thermal energy consumption

Under the situations that SP system was introduced and further NSP system was developed,
the conversion of fuel from heavy oil to coal rapidly progressed as a resuit of oil shock which
occurred in 1970s. And even afterwards active energy saving for dealing with the increase
of energy cost was extended.

Fig.4 shows the transition of specific thermal energy consumption. The result of efforts for
energy saving of the cement industry in Japan is clear at a glance from Fig. 4. ltis clear
that from the start of 1970, the reduction of about 33% of based on specific thermal energy
consumption was attained during about 15 years. The reduction of specific thermal energy
consumption is divided into 2 stages. The reduction in the first stage until about 1980 is
considered mainly due to the change of burning process. The reduction in the second
stage until 1986 is considered due to the utilization of various energy saving technologies
and the improvement of management technologies.
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Fig.4 Transition of specific thermal energy consumtion

Origins of data : Japan; Japan Cement Association
U.S.A,; Estimation from Cement Industry Fact Sheet (1995)
Others; EUROPEAN ANNUAL REVIEW (1995)

In Fig.4, the specific thermal energy consumption of the cement industries of main
advanced countries in 1995 are showed, too. From this figure, it can be understood that



the cement industry of Japan positions at top level. The efforts of energy saving in Japan
results this high degree of achievements.

However, the specific thermal energy consumption has been leveling off since 1990, the
great achievements were made in the past. One of the main reasons is considered that no
more room is left for large improvement as the result of the advancement of energy saving
activities.

As an example, the heat balance of an NSP system equipped with the power station by the
waste heat, a typical burning system in the present Japan, is shown in Table 4.

In this case, 80% of input heat is effectively utilized, and the energy utilization efficiency has
reached very high level. It will be understood that since many kilns in Japan have already
adopted the nearly same system, further large improvement of the efficiency is difficult as a
whole.

Table 4 An example of heat balance NSP system equipped with power station by

waste heat
Input(%) Output(%)
Heat of calcination clinker 53
Heat of raw material drying 8
Used heat
Fuel combustion | 97 Heat of coal drying 1
heat
Heat of waste heat power generation 18
recovery *
Subtotal 80
Sensible heat of clinker 3
Sensible heat of 3
raw materials Sensible heat of waste gas 9 Waste heat
and others
Others 8
Subtotal 20
Total 100 Total 100

*Steam generation base

Under such circumstances, the latest cement industry is devoting its efforts in the direction of
the diversification of energy (heat) resources, in addition to the further efforts on the
popularization of energy saving facilities.

In the-concrete, this direction means that industrial waste materials and non-industrial waste
materials are utilized as alternative fuels, and the use of fossil fuels that have been used up
to now is reduced to the utmost.

For reducing the use of fossil fuels with good quality to the utmost by replacing of alternative
fuels, further the development of the combustion control utilization technology based on is
necessary. And various efforts to this direction are under way.

The direction is different in nuance from the energy saving in the past, but is common in the
implication of the saving and preservation of fossil fuels. In addition, it also contributes to




the reduction of CO, emission in the global viewpoints.

2) Transition of specific electrical power consumption

Fig.5 shows the transition of specific electrical power consumption. The electrical power at
cement plants is used mostly for grinding system in raw materials process and finishing
process, for various fans to treat a large volume of air and exhaust gas and for driving
facilities of kiln transportation equipment and others.

The specific electrical power consumption shows the nearly transition trend as the specific
thermal energy consumption, and the reduction of about 20% based on it of 1970 was
attained.

The result of comparison with foreign countries shows the similar trend as the case of
specific thermal energy consumption, and the high level of energy saving of the cement
industry in Japan. The increase of the specific electrical power consumption after 1997 is
considered due to inefficient operation due to the decrease in production quantity, but and it
includes also the degradation factor by the increase of the installations for wastes.
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Grinding technologies of raw materials and clinker have also changed.

As grinding facilities in the cement industry, tube mills (or ball mills) have been used from the
old days. A large number of steel bélls as grinding media are contained in a tube mill.

In the dry grinding system using a tube mill, technological development has been made from
the open circuit grinding system, to the closed circuit grinding system.

In the open circuit grinding system, the control method to obtain required fineness of
products is limited to the control of supplying quantity of materials to amill. For this reason,
coarse particles tend to remain in products and the part of the products are excessively
ground. So the open circuit grinding system left problems to be solved in the quality of



products and the energy consumption.

On the other hand, in the closed circuit grinding, ground products in a tube mill are classified
into fine particles and coarse particles by a separator. And, the coarse particles are fed to
the tube mill. So the problems in the open circuit grinding system was solved, and the
grinding efficiency and the quality of product was improved.

In the next stage, the improvement of the classification efficiency of a separator became a
target. From Gayco-Emerick type, Sturte Vant type and cyclone type in the initial stage, the
latest rotor type separator with the highest performance have been developed and adopted.
During this period, tube mills were scaled up following the increase of capacity of clinker
burning, and tube mills of two chamber type has become a most popular. Each chamber
functions coarse grinding or fine grinding.

It is considered that the innovation of grinding technology has started with the introduction of
a newly developed vertical mill. Vertical mill has higher grinding efficiency than tube mill,
since materials are ground between some rollers and rotating table. In addition, since
drying and grinding can be carried out simultaneously by introducing high-temperature
exhaust gas into a mill, vertical mills were widely spread in the grinding of raw materials and
coal, and were showing remarkable effects on the simplification of the process and power
saving. Later, vertical mills for finishing process were developed and adopted, and its has
been also applied to grinding of slag.

On the other hand, for purpose of the performance improvement and the efficiency
improvement of a existing tube mills for finishing process, the pre-grinding system using a
high-pressure grinding rolls or a vertical roller mill was developed and adopted. Instead of
grinding in the first chamber of conventional tube mill, these installations coarsely grind
clinker and then smaller particles are ground in the tube mill. Since the efficiency of
coarse grinding is improved, and the ground materials is ground remarkably finely, ability of
fine grinding in the tube mill is improved. The introduction of a pre-grinding system has
materialized a large extent of energy saving of the grinding process, along with the adoption
of small sized grinding media in a tube mill and the adoption of a high-performance
separator.

The deduction of electrical power for fans was realized by adjusting fan capacities which
became affordable by the effect of measures for pressure loss decrease at various parts. In
addition to the improvement of facilities, the technological progress of software such as the
improvement of fan control also greatly contributed to electrical power saving.

5. Present state of energy saving and resources saving in the Japanese cement
industry.

In the previous chapters, the transitions of manufacturing technologies were described.

This attained level of main technologies at the present state of the Japanese cement industry
and the future trends.



1) Present state of energy saving

(1) Power station by waste heat

Following the increase of production capacity per kiln due to the utilization of NSP system,
power station by waste heat was rapidly diffused since around 1980. In this technology,
waste heat from preheater exhaust gas at about 400°C and waste heat from clinker cooler
exhaust gas at about 250°C are recuperated at a waste heat boiler, and converted into
electric power at a mixed-pressure steam turbine and a generator. Since the amount of
generated electrical power per 1 ton of clinker is 35-40 kW on an average, about the
generation of 8,000 kW per hour is possible for a 5,000 t/d kiln, and the power station by the
waste heat is reaching within the limit of investment payability.

in an NSP kiln equipped with a power station by the waste heat, the energy utilization
efficiency on burning process exceeds 80%. The temperature of exhaust gas from the
boiler of preheater is about 250 °C. Further, exhaust gas is used for drying raw materials,
and it decreases to about 100 °C. The temperature of exhaust gas from the boiler of cooler
is about 100 °C. The both exhaust gases reach the ultimate condition that thermal energy
is with no value in terms of industrial use. Therefore, further reduction in heat consumption
on burning process leads to the decrease of waste power generation quantity, which brings
about cynical condition that new energy saving investment is no more economically feasible.
The spread of technology on power station by waste heat has reached a pause, but it will be
gradually applied to the construction of a large-scale facility overseas.

(2) 5-Step preheater for SP and NSP

In kilns in which power station by waste heat is not feasible but heat quantity for drying of
raw materials is excessive, remodeling from 4-stage cyclone system to 5-stage cyclone
system was carried out for the purpose of reducing thermal energy consumption.

By adopting the 5-step system, heat exchanging ability between raw materials and offgas
increases and the 5-stage cyclone system, the heat exchanging ability between raw
materials and exhaust gas increases, and the calcination rate of raw materials increases.
Therefore the stability of the burning process increases and the thermal efficiency of the total
system increases. For this reason, the adoption of 5-stage preheater has become a main

stream in the case of new kilns.

(3) Fluidized bed cement kiln system

Development of a new burning process following the NSP system is under way. In a
fluidized bed cement kiln system, a fluidized bed burning facility(kiln) is incorporated into
the under part of a preheater. It is said that clinker burning is carried out in a stationary
facility. This is a new system that has broken the existing concept of "clinker burning by a
rotary kiln." It is considered that this system has difficulty in large scale-up compared with
NSP system but has less specific thermal energy consumption by about 10%. In the future,



this system is expected to be applied to the remodeling chance of small and old facilities

overseas.

(4) Air beam type clinker cooler

The grate cooler of air chamber system was a main stream in the past. In recent years, air
beam type clinker coolers has been spreading in Japan by replacing grate coolers.

Since the heat recuperation efficiency of a cooler greatly affects the specific thermal energy
consumption, a high efficiency cooler that is capable of gaining the secondary air in higher
temperature is important for energy saving. The air beam type clinker cooler is applied to
the region between the clinker dropping portion and the secondary air recuperation portion.
The applied results show that heat recuperation efficiency is improved by several %
compared with the conventional system.

The air beam system has several types, and actual introduced cases to kilns were 32% in
2000.

Although the air beam type clinker cooler is expected to come into wide use for the renewal
occasion of existing coolers, the development of new technologies on coolers are under way
at present.

(Note: The above air beam type is total nomination of cooler types equipped with mechanism
supplying cooling air by an exclusive fan to the several unit of grate plates.)

(5) Vertical mill

In the ﬂéld of grinding, a vertical mill for grinding raw materials spread since about 1970.
Since drying and grinding can be carried out at the same time in vertical mills, the process
becomes simple and the controlling of mixing of raw materials can be made promptiy.
However, following an increase in the use of coal ash as substitute of clay, the using ratio of
quartzite increases for adjusting raw mixture’s component, recently. In the result, the wear
rate of tables and rollers are apt to increase. Regarding vertical mills for grinding raw
materials, deep consideration for maintenance of facility shall be important.

In vertical mills, the cost of used electrical power is high when all pulverized products are
transported by air. Therefore, the external circulation process has been introduced, in
which a portion of pulverized products are discharged to the outside a mill and transported
mechanically. In 2000, the introduction ratio of the external circulation process is about
50% of the total of vertical mills for grinding of raw materials and slag.

The vertical mill for grinding cement was developed in Japan and it was showing large
energy saving effects. But the introduction of a pre-grinding system has become a main
stream in Japan, and the grinding cement by vertical mill is spreading mainly overseas.

(6) High-performance separator
In classification technology closely related with grinding technology, the high-performance
separator of rotor type developed in Japan. It is widely utilized not only in Japan but also in



overseas. In addition, the international classification part of a vertical mill is remodeled to
the rotor type for the purpose of improving the efficiency. This technology is expected to
spread in the future.

(7) Pre-grinding crusher

In finishing process, pre-grinding crushers has been spread. The pre-grinding crusher is
installed in the up stream of the tube mill. This system improves the grinding efficiency. As
a pre-grinding crusher, a high-pressure roll press with relatively low price which was
developed in Europe. But, in many cases, the expected effects were not obtained due to
the insufficient life of the roll and the difficulty in maintenance. The vertical roller mill as
pre-grinding crusher was developed in Japan, and the use of vertical roller mill has become a
main stream.

The pre-grinding system has the advantage of maintaining production capability in case of
the trouble of a pre-grinding crusher by the operation of a tube mill, and it is expected to
spread in the future.

(8) Daily management

Behind the fact that the technology of Japanese cement industry has come to be positioned
as world's top level, there are the facts that the careful control and the improvement of
troubling parts are daily carried out, in addition to the application of main energy saving
technologies as aforementioned.

For instance, in quality control, the measurement frequency of the free lime and the density
of clinker drastically increased by introducing an automatic measuring instrument, and the
control of operation conditions is finely adjusted. The introduction ratio of these
instruments is 30% and 19% respectively in 2000.

The improving of facility management activities such as TPM activity have been carried out,
and the reductions of energy loss and cost have been attained through enabling long-term
operation by the prevention of facility failure.

2) Present state of resources saving

In increasing consciousness for environmental protection, in Japan with a large number of
population, scarce land areas, and large generation quantity of industrial wastes, the
establishment of waste treatment method instead of landfill has become a social problem.
The cement industry took up measures for accepting and treating waste materials in the early
stage, by utilizing peculiar advantages of the cement industry. It has been making great
achievements.

The peculiar advantages of the cement industry in accepting and treating wastes are as
follows.

(a) Waste materials having main components of Ca0, Al,0,, SiO, or Fe,0, can be used

as raw materials for cement.



(b) Even though the wastes have low heat quantity, they can be used as fuel. And the
residue can be used as raw materials. Therefore the secondary wastes are not
produced.

(c) Because waste materials are subjected to high-temperature chemical reaction, wastes
are chemically converted without affecting quality of clinker.

(d) Because the kiln is operated continuously, continuous treatment of wastes materials in
large quantity is possible.

Table 5 shows the amounts of industrial waste materials and by-products used in the
Japanese cement industry. In 1999, the cement industry accepted about 25.6 million tons
of industrial waste materials and by-products from other industries. They are used as raw
‘materials and/or fuels. Since the production of cement in 1999 was about 82.2 million tons,
the used waste materials and by-products per 1 ton of cement are about 310 kg on average.

Table 5 Waste materials and by-products used in cement industry in Japan
(Unit: million tons)

ltem 1991 1995 1999

Blast furnace slag 13.5 12.5 11.4
Steel mfr. slag 1.3 1.2 0.9
Nonferrous slag 1.4 1.4 1.3
Coal tailing 1.8 1.7 0.9
Coal ashes 2.4 3.1 4.6

- Dirt and siudge 0.5 0.9 1.7
By-product gypsum 2.2 25 2.6
Others 1.3 1.8 2.2
Total 24.4 25.1 25.6

The use of waste tires or waste oil as alternative fuel leads to the saving of fossil fuels such
as coals. It contributes to energy saving from the global viewpoints.

On the other hand, the use of waste materials without heat quantity has the following
meaning.

Firstly, it is the reservation of natural resources. Natural resources to be applicable
economically are limited, and the reservation and life prolongation of them are desirable for
future’ sake.

Secondary, it is the enhancement of energy utilization efficiency from the global viewpoint
even industrial waste materials can be thought as a kind of product made by consuming
energy. The use of such waste materials as raw materials of cement means the effective

utilization of energy.

The typical examples of the use of waste materials and the related technologies are
introduced as follows.
(1) Blast furnace slag
Blast furnace slag has hydraulic property similar to cement, and can be mainly used as the



base material for Portland blast-furnace slag cement, that is one of blended cements.
Since most of blast furnace slags is granulated by water, it contain some quantities of water.
And the blast furnace slag is required to be ground similar than cement. Because of these,
vertical mills are used for grinding in most cases, which is capable of simultaneous drying
and grinding and has high grinding efficiency.

Since blast furnace slag has low alkali content, it is partly used as a raw material for the
purpose of reducing alkali in cement. The expansion of the use of various blended cements,
besides to Portland blast-furnace cement, is effective in the reduction of CO,.

Fig.6 Utilizing condition of blast
furnace slag Used quantity in 1999; 21,918,000 tons

Origin of data: Nippon Slag Association

(2) Coal ash

The used quantity of coal ash, which was generated at thermal power piants, in the cement
industry is annually increasing. The used quantity of coal ash in 1998 was 5.09 million tons,
and about 71% was treated by the cement industry.

Coal ashes are classified into fly ash and bottom ash. Both are used as alternative material
of clay. Even though depending on the compositions of coal ash, it is considered possible
to use maximum 100 kg of coal ash per 1 ton of cement on average. And, the use of coal
ash will supposedly increase in the future.

In terms of technical aspect, a large daily fluctuation of compositions of ashes due to the
used coal brands at thermal power plants is a problem. For the large utilizing of coal ash
as the raw material of cement, it will be important to improve the facilities of raw material
mixing process for absorbing the effect of the composition fluctuation and/or to optimize the
mixing control program.

Because coal ash has mostly higher content of alumina than natural clay, the supplement of
silica component is necessary. For this reason, derivative problems occur. For example,
the extraordinary wear of the main part of a vertical mill occurs due to the increase of specific
consumption of hard silica stones. A

Fly ash also has the application as admixture for blended cement.



Fig.7 Utilizing condition of coal ash

Used quantity in 1998; 5,090,000tons

Others

Origin of data: Center for Coal Utilization, Japan

(3) Waste tire

A typical example of using wastes as alternative fuel is the use of waste tire. Tires are
supplied to the inlet of a kiln or the bottom of a preheater in the shape of original form or cut
form in small piece. In terms of technical aspect, since the effect on the process increases
as the used quantity increases, the techniques for stabilizing the process is important, such
as the stable supplying of waste tire and the control of exhaust gas temperature of bottom
cyclone and raw materials.

Since tires contain 10-15% of wires and they affect the guality of product, there is a limit in
used quantity in the case of direct feed. For passing this limit, gasification technology of

waste tires has been put into practical use.

Fig. 8 Utilizing condition of waste
tires
Used quantity in 1999; 856,000 tons

Origin of data: The Japan Automobile Tyire
Manufactures Association, Inc.

In addition to the above-mentioned materials, the using or treating technologies for waste ail,
various kinds of sludges, and drainage sludges, etc. were developed and put into practical
use. For these cases, it is important to establish the stabilizing method of product quality,
the quantitative feeding method and the compensation method in case of feeding stop due to
any reasons. In addition, technologies for using non-industrial incineration ash and waste
plastics have been put into practice, and they are expected to develop.



(4) Chlorine bypass system

In promoting the use of various kinds of waste materials in large quantities, a problem for
cement manufacturing process is an increase of chlorine quantity entering into the system.
The chlorine fed into a kiln system is concentrated in the system by repeated evaporation
and condensing at between a kiln and a preheater, due to its high evaporation at high-
temperature. And, the low-temperature melting substances including mainly chlorine and
sulfur are produced at various places of inside wall of the preheater. ‘The raw materials are
adhered on surrounding of low-temperature melting substances, and the extra ordinary
coatings develop. As the results, they cause process troubles such as ventilation trouble
and cyclone clogging, resulting in a large amount of energy loss.

A chlorine bypass system is a process to extract a part of the gases or raw materials at the
place where chlorine is concentrated to the outside of the system. The chlorine is
effectively removed to the outside of system. The chlorine bypass system is capable of
solving most of the above troubles. The applied ratio based on the number of plants in
Japan is 54% as of 2000 and most applied plant evaluate that it is effective in the decrease
of clogging frequency of cyclone.

In the gas extraction process, the rate of the gas extraction is 1-3%, which is much lower
than the case of alkali bypass over 10%. Therefore, the recovered dust containing chlorine
can be mixed at the finishing process, without affecting the product quality. So, the chlorine
bypass system can be said dust-free.

In the raw material extraction process, less than 1% of raw materials based on clinker is
bypassed, and it is recycled after removing chlorine by water-washing.

It is expected that the Japanese cement industry will further promote the large quantity
treatment of various wastes, and the necessity of chlorine bypass system is expected to
increase. In this sense, chlorine bypass system is becoming one of fundamental
technologies to support energy saving and resources saving.

6. Conclusion

The cement industry in Japan is making a lot of efforts for playing a new role to contribute to
the removal or relaxation of social and global environmental problems. In addition to the
original role to supply high quality products by the production system with high energy
utilization efficiency. In other words, the cement industry in Japan is accepting and treating
various kinds of wastes.

Even though the present situations of the cement industries in foreign countries are diverse,
itis considered that they will proceed to the same direction to burden the treatment of various
kinds of wastes sooner or later, when the future global environmental problems are taken into
account. It is expected that the energy saving technologies and resources saving
technologies summarized in this report are taken as reference and utilized.



[Technologies]



. . Application | Introduced
o Introduction of power station process | _period
Waste heat
by waste heat vy | 1990s
The temperature of the exhaust gas from the suspension preheater (SP) or the new suspension
Back d preheater (NSP) is about 400°C. The exhaust gas has the surplus heat even if it is used to dry
ackground | o raw materials. Also the surplus heat occurs from the clinker cooler.
It was desired to utilize the surplus heat (= waste heat) for energy saving.
The power station by the waste heat has been introduced by the progress of technologies on the
waste heat generation and the appearance of large-scale kiins.
The popular system is as follows.
The boilers are installed at the outlet of suspension preheater or clinker cooler.
The low pressure steam is made in boiler by recuperation of waste heat. And, the electrical
power is generated with the steam turbine.
The amount of generated electrical power per 1 ton of clinker is 35-40kW on an average. In the
case of kiln of 5000 ton per 1 day, the 8000KW of electrical power are generated.
In the typical NSP kiln equipped with power station by waste heat, the energy utilization efficiency
on the burning process reaches about 80% and the temperature of exhaust gas after using of
drying raw materials is about 100°C.
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[Notes]
1) To increase the power generated, it is needed to decrease the heat for drying raw materials.
Therefore, it is required to decrease the moisture content of raw materials.
2) ltis required to prevent the accumulation of the dust on the water pipes in the boailer.
Introduced | The power station by waste heat can generate electrical power of about 35 to 40 KW per 1 ton of
effects clinker.
eqgs:t\ent About 2,000 million yen for a power station
Relative o ]
items The recycled utilization of the exhaust gas of the clinker cooler
References




Item

Introduced
time

Application
process

5-stage system of suspension

Buming
process

preheater 1970

Background

The suspension preheater is multistage heat exchanger between exhaust gas and raw materials.
In case of 4-stage, the temperature of gas at the outlet of the preheater is around 400°C.  This
exhaust gas is used for drying raw materials. The surplus heat is discharged after himidiffication
and the recover heat energy is not used. For achieving energy saving, remodeling of preheater
from 4-stage to 5-stage is carried out.

Technical
contents

There are two cases for 5-stage preheater. One is remodeling and the other is the adoption of 5-
stage preheater in the case of new construction of kiln. By addition of one cyclone, the
temperature of gas at the outlet of the preheater is decreased about 30~50°C. By adopting the
S-stage system, heat exchanging ability increases and the heat efficiency of the total system
increases. As results, the specific heat consumption decreases.

This technology usually applies to small capacity kilns that power station by the waste heat is not
economically applicable.

The example of remodeling

raw materials
5th stage cyclone
(Newlv installed)

raw materials

4th stage cyclone
gecy 4th stage cyclone’

3rd stage cyclone

=

2nd stage cyclone

3rd stage cyclone

2nd stage cyclone

1st stage cyclone 1st stage cyclone

kiln

[Notes)
The remodeling to the 5-stage system increases the pressure loss across the preheater and
therefore increases the power consumption of the exhaust fan. By this, it is necessary to adopt a
low-pressure-loss cyclone or practice measures for decreasing the pressure loss.

Introduced
effects

Compared with 4-stage preheater, the specific thermal energy consumption decreases about 125
~170kJ/kg-clinker (plant average) in case of 5-stage preheater
Ratio of 5-stage preheater is 23 percentage in 1996

The specific heat consumption compared with 4-stage system
5-stage system
NSP type 96%
SPtype 95%

Equipment
cost

Addition of the one cyclone to kiln with the capacity of 2,500t/d as clinker
about 100 to 200 million yen

Relative
items

Low-pressure-loss-cyclone

References

Survey of buming process, Report T-20 of the committee on Cement Manufacturing Technology
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ltem

Introducéd
time

Application
process

Fluidized bed cement kiln system =

Burning process introduced

Background

In cement manufacturing, global environmental preservation such as the reduction of greenhouse |
effect gas ( CO,) emission is required in addition to the reduction of NOx and SOx emission these
days. Furthermore, the cement market needs to produce special cements such as high

compressive strength cement and early hardening cement.
In response to several needs, the fluidized bed cement kiln system has been researched and
developed to comply with the global environment presetvation since 1989.

Technical
contents

The fluidized bed cement kiln system consists of the following equipment:
1) Suspension Preheater(SP) with Calciner(SC) :
consisting of 4-stage cyclones for preheating and calcining
raw materials, which applies the conventional technology.

2) Granulating kiln(SBK :
for granulating raw materials into granules 1 to 2mm
diameter average without feeding seed-core clinkers at
high temperature (1300°C)
level. This is the key technology of the system.

3) Sintering Kiln(FBK) :
for efficiently completing the sintering of the granules
produced in SBK at high temperature (1400°C) level.

4) Fluidized Bed Quenching cooler(FBQ) :
for quickly cooling down the bumt clinker from 1400°C
level to 1000°C in order to get good quality.

5) Packed Bed Cooler (PBC) :
for efficiently recovering the sensible heat of clinker
and cooling down the clinker to the specified temperature,

[Note]
A stable power supply is required to maintain good fluidization.

Introduced
effects

1)Economic advantages

(1) Due to improvement of the buming and heat transfer characteristics, it is able to use low grade
coal such as low volatile coal and low calorific coal.

(2) The heat recovery efficiency of the system can be improved by 20 % as compared with the
conventional cooler due to increase of waste heat recovery.

{3) Both and maintenance costs can be decreased because there are no movable apparatuses,

2) Lower environmental poliution
{1) The emission of thermal NOx emission can be greatly decreased because combustion takes
place in the fluidized bed without generating flame.
(2) The emission of CO, can be decreased by approximately 10% due to reduction of fuel
consumption and so on.
(3) The system is able to control temperature more tightly and keep a longer reaction time, and it
enables the improving quality and the making a higher grade of special products.

Equipment
cost

Relative items

References

Cement Manufacturing Technology Symposium, No.51, p.20 (1994)
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ltem

Introduced
time

Application
process

Introduction of air beam type

Burning
process

1990s

clinker cooler

Background

Improvement of heat recuperation for secondary or tertiary air from sensitive heat of clinker is
one of most important technologies in the buming process. As heat recuperation efficiencies
of conventional grate coolers are approximately 50 to 60 %, more improvement has been
desired.

Technical
contents

When high temperature clinker is dropped on the grate of cooler from the outlet of kiln, a
nonuniform clinker layer is generated by the segregation of its size distribution. For the
conventional cooler, cooling air is supplied to each air chamber. Therefore improvement of
heat recuperation efficiency for conventional type is limited by reason of nonuniformity for
cooling air.

Above problem is solved by air beam type cooler and remarkable items are as follows.

1) Cooling air is supplied directly to each block that is constructed by 4 to 8 pieces of grate plate.

2) The grate plate is structured, as high pressure drop of air draft and fine clinker is not able to
spill down through grate.

3) This type of grate can be applied partialy to the region of kiln outlet to main heat
recuperation area.

As cooling air is controlled for each block, optimum air distribution is achieved. Therefore heat
recuperation efficiency is improved and the life of grate plate is extended.

By 2000, these types of coolers have been introduced into approx. 30% of Japanese cement
plants. Most of them (71%) have been applied to kiln outlet portion of existing cooler. For 57%
of these cases, improved heat recuperation efficiency not more than 5 %. In case modified
into kiln outlet portion of cooler, sufficient effect for improvement cannot be achieved.

Fixed Movable
Fixed Movable

Movable beam
Fixed beam
Air chamber

O
OH=>
Air beam type

Air chamber type '

Comparison of cooling air supply
[Notes]

1) There are many types of air beam coolers and those are classified roughly into two kinds,
inclined fixed plate type and horizontal fixed-movable alternation type, for kiln outlet area of
the cooler.

2) Air distribution pipes for air beam type cooler are complicate more than for air chamber type
cooler. Therefore sufficient considerations for maintenance are needful.

introduced
effects

1) Heat consumption: Approx. 42 — 167 kJ/kg decrease
2) Power consumption: Approx. 0.5 — 1.5 KWhtt decrease
3) Maintenance cost of grate plate: decrease (Extension of life)

Equipment
cost

150 — 300 million yen/ 1set

Relative
items

References

1) Cement Manufacturing Technology Symposium, No.54 (1997)
2) Cement Manufacturing Technology Symposium, No.55 (1998)
3) Cement Manufacturing Technology Symposium, No.56 (1999)
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. . . Application | Introduced
o Introduction of a vertical roller mill | “process time
. Raw material Around
for raw materials brocess 19805
Backaround The grinding of raw materials requires enomous energy. Formerly, tube mills were mainly used
g for the grinding of raw materials. But energy efficiency of tube mill is only a few %, so introduction
of grinding equipment which has high energy efficiency was desired. ]
The vertical roller mill has a high grinding energy efficiency and the area for installation is smaller
compared with tube mills.  In recent years, the vertical roller mills have been extensively adopted.
A) Structure
(1) The rollers are hydraulically pressed against a
disc table and the feed is ground between the Raw materials
rollers and the disc table. Ground matert |
(2) The classifier is housed above the roll ers. Found mseral 4
B) Feature Clacsiiois <
(1) The specific power consumption of grinding is .
lower than that of tube (bali) mill. -
(2 The residence time of raw materials in this type Rollers
of mill is much shorter than that in tube (ball) (e tapie iiners
mill; therefore, the crushing section has a good g
response to the needs of the raw material mix- e o dlon
ing section and hence cortributes to stable P table AL P\ By hydrautics
quality. It cylinders
(3) The area for installation is small and the noise
Technical level is low. 7
echnica (4) This type of mill can crush lumps too large to be
contents fed into the tube (ball) mill o
(5) The feed may be dried by using the flue gas T19-1 Vertical roller mill
from the kiln.
Feed
Kiln EP
Product - ]
g——@i————i Mill exhaust Fan EP Fan
Kiln Fan
Fig.2 Schematic process flow of vertical roller mill for grinding of raw materals
Vertical roller mills are adopted in 20 cement plants (44 mills) in Japan.
[Notes]
Height of dam ring on disc table must be adjusted properly to keep high efficiency.
Life of roller is 3,000 to 4,000 hrs and that of disc table liner is 5,000 to 6,000 hrs,
Tablel Energy saving effect of the vertical roller mill
Ball mill Vertical roller mill Effect(%)
Production % 100 160~180 | 60~80(increase)
Introduced Specificpower  yyirpm | 20~26 14~18 About 30
effects consumption (Reduction)
The reduction of power
consumption(*) KWhy 2,240,000
Note : The case of capacity: 200t/ at operation of 7,000hy
Equipment | About 1500 million yen for a vertical roller mill of about 200ton/hour
cost Including associated facilities and installation cost.
Relative
items
References | Cement Manufacturing Technology Symposium, No.37, p.6 (1980)
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item

Introduced
time

Application
process

Introduction of external circulating

Raw material
process

system to vertical roller mill 1980s

Background

The vertical roller mills used widely to grind raw materials adopt the system that pulverized
products transported by air, from grinding zone to separating zone. Therefore the inducing fan
consumes about sixty percent electrical power of the total in this system. So it's desirable to
reduce energy of fan for fransporting of pulverized produicts.

Technical

In the external circulating system, a portion of pulverized products passing the disc table are
dropped under the disc table. The pulverized products discharged to the outside the mill are
returned to mill by bucket elevator.  In this system, materials circulating inside of the mill are vastly
decreased. The volume of air transporting decreases and also the loss of draft falls. The power
consumed by fan is vastly reduced.

Half of vertical roller mills in Japan adopt this external circulating system.

materials

%
mill inducing fan
P
external irculating
bucket elevator

K-IDF

Fig.1 Flow chart of roller mill adopting the external circulating system.

introduced
effects

As compared with conventional intemal circulating system, power consumed for fan is reduced
until half and it's possible to reduce power of grinding system by about 30%

Table.1 The comparison of extemal circulating system

Conventional
system

Extemal circulating
system

Effect

Capacity

th

490

496

Loss of draft

mmAq

1,110

770

30% (Reduction)

Volume of gas

m¥min

15,400

12,000

22% (Reduction)

Total electrical
power consumption

KWhit

194

135

30% (Reduction)

Mill, separater

89

7.7

Fan

105

5.7

50% (Reduction)

Bucket elevator

0.1

Equipment
cost

It depends on scale of facilities. For example, about 50 million yen per unit.

Related
items

References

1) Cement Manufacturing Technology Symposium, No.41, p.1 (1984)
2) Cement Manufacturing Technology Symposium, No.43, p.96 (1986)
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tem

. . . licatio Introduced
Introduction of a vertical roller mill| #ekiczton | Introdu

fo r cement “Finishing Around
process 1980

In the finishing process, the tube miill is the main stream. But, the vertical roller mills for cement
Background | yere developed and it began to have been popularized in about 1980. '

Basic structure of the vertical roller mill for cement is the same as the vertical roller mill for grinding

of the raw materials and coal.

The material supplied in the mill is ground by the compression and shear force between the disc

table and two~four rollers, which are pressed hydraulically against the disc table.

The ground material is blown upward from the table side face by air, and classified into fine and

coarse particles by the built-in separator housed at the upper parts.

The fine particles are discharged to outside of mill as products and collected by bag dust collector

or cyclone.

The coarse particles are feed into mill.

The advantage of the vertical roller mill for cement (comparison with the tube mill)

1) Highly efficient grinding is possible with considerably low electrical power consumption.

2) The residence time of the ground material in this type is much shorter than in the tube mill;

therefore, the crushing section has a good response to the needs of the control and hence

contributes to stable quality.

3) Therefore the vertical roller mill for cement produces little heat for grinding, and quality trouble

due to the excessive rise of temperature of cement is less likely to occur.

4) The area for installation is about half in comparison with the tube mill.

Technical
contents But the introduction of a pre-grinding crusher has become mainstream in Japan, and the above-
mentioned technology is spreading mainly overseas.
[Notes]

1) The vertical roller mill for cement becomes unstable operation easily when a frequent change
in properties of clinker is predicted, because it is comparatively sensitive to a change of
properties of clinker in mechanism of grinding.

2) An efficiency of grinding decline due to the abrasion of the disc grinding table and the rolier
occurs; therefore the regular repair (hard facing or exchange) of those is necessary.

lnter;::t:ed Electrical power consumption can be reduced by 30 % (compared with the tube mills).
Equipment
cost
R?::ﬂm\;e Introduction of the external circulating system to vertical roller mill for cement.
References
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item

Improvement of separator

Application
process

introduced
Time

Finishing
process

1970s

Background

With the corventional separator having a buiilt in fan such as a sturtevant-separator it is difficult to
expand the grinding capacity by the scale-up because of lower classification efficiency. Therefore
the development of a new high efficiency separator has proceeded.

Technical
contents

The separators are divided into three types according to difference of mechanism. The first
generation is the buitt in fan type, the second is the cyclone air type and the third is the rotor type.
1) Mechanism

(1) The cyclone air separator comprises the separation section and the cyclones to collect the fine
particles. The air circulates by the outside (located) fan. The separation section consists of air
vanes and tuming blades.

(2) The rotor type separator is the vortex flow type air separator comprised of guide vanes and
rotating rotor.  The fine particles are collected by a bag fitter and cyclones equipped outside the
separator housing.

2) Characteristics

(1) The second and third types have lower circulation of the fine particles and higher classification
efficiency as compared with the first type so that it is possible to increase the grinding capacity
and reduce the specific power consumgption. As compared with the second one, the third type
has high classification with keeping quality of cement and it doesn't depend on the capacity.
Further it is compact.

(2) The second and third types can adjust easily the fineness of products under operating by
varying the rotational speed of blade or rotor, or changing the dassifying air volume. And it's
adjustment range is wide. The third type can control classifying points in a more wide range
just by varying the revolutions per minute as compared to the second type.

(3) The products temperature has been decreased as a result of the second and third types
introducing much cooler air into the separator. The false set of cement is hard to occur,

10. L @ separation chamber L A N
' v @ tailings cone TN Y
N/ @ air vanes -y,
— e D @ distributor plate
D - . \ ® i N\ & counterblades -
X & L\ 5~Ht}-4- @ feed spout —— 0
. =5q"» 7 @ gearbox
motor i -
@© fines outlet YT
@ tailings outlet i .
@ cyclones p- ¥
R @ air duct to fan R 7
3 Ot LI
@ dust collecting
pipe to filter B
® return air duct | |

Fig. 1. Cyclone air separator

. @ guide vanes @ se
H parator part
- " % rotor bla;iesl " @ optional duct ext.to fit layout
@t‘llsﬂ'ibno Llaépa @ desagglamerator
@ ;:ed T S v @ grit separator (® spreader plate
8 | spou ® fines outlet @ feed from press
@ air+ ﬁi% outlet © bearling ho.u§ing ® air by pass
s ot Zﬁﬁ; I::(;ZJOID‘? ® des;gg]omemtor rotor
- . i m
@ air mll)it © rotor blade g g_lu:]e: t‘:)asies o0
@ gear box @ reject cone ir inlet
@ motor @ support % ot lflad
@ reject outlet valve rotor iades
® feed inlet

Fig. 2. Rotating type separator

® densit wearcast 2000

® air lock

Fig. 3. Rotating type separator
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Introduced
effects

1) Grinding capacity 15% to 25% (Increase)
2) Specific power consumption 10% to 20% (Reduction)

Equipment
cost

150 million yen (for a tube mill of a 3,000 KW capacity)

Relative
items

References

-
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Application | Introduce
T 1 rocess d time
Item Pre-grinding of roll press system —&ige 1960
Process (Middle)
To decrease the specific power consumption in finishing process or to increase the output of finish
" Background | mill, pre-grinding roll crusher, which is installed in the upstream of tube mill, has been introduced
since the middle of 1980s.
1) System & Structure

This system increases the output of finish tube mill by installing the pre-grinding roll crusher in
upstream of the tube mill.

By passing through the opening between two rolls (a fixed roll and a movable one), materials are
crushed by high-pressure(as shown in Fig.1). High-pressure to crush the materials are generated
by oil-hydraulics. Wear-resistant material is attached on the surface of rolls.

Various kinds of system are available, and the typical one is shown in Fig.2.

2) Operation & Maintenance
(1) Exerting pressures are 50 to 100bars on the basis of the projected area of the roll, onto the
layer of clinkers passing between the two rolls.
(2) Wear-resistant parts are classified in one unit type or segment type. In any type, wear-
resistant parts should be replaced to new one or hard facing, if they are worn out.
Motor, Bucket elevator
Gear
reducer
[ | Clinker
Technical Movable| | Fixed i
contents T - T T - T l l;011 gcru‘:l}:agr
I Frame O '@
T
: @ @ : Tube mill &
! | Fig. 2 Flow sheet
Fig.1 Structure
[Notes]
1)1f rolls are worn out, uniform pressure can not be exerted on materials and pre-grinding efficiency
will be decreased extremely, so it is required to weld or replace the wear-resistant material on
rolls frequently.
2) To decrease the specific power consumption in finishing process sufficiently, itis required to
make the size of balls in finish mill smaller.
Introduced | 1) Grinding capacity of finish mill increases about 30%.
effects 2) Specific power consumption in finishing process decreases about 10%.
Equipment | The installation cost is about 200million yen including auxiliary and construction cost, in case of
cost 100t/h output.
Relative
items
References | 1) Cement Manufacturing Technology Symposium, No.45, p.9 (1988)
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Application | Introduced
. . . process time
Item Pre-grinding of roller mill system Finishing 19805
process (latter half)
For the purpose of decreasing the specific electrical power consumption in the finishing process,
this installs a vertical roller mill for pre-grinding of clinker in the upstream of the tube mill. The roll
Backaround | PSS system preceded as pre-grinding system, but there are many machinery troubles (flake and
g crack of roll surface, damage of roll shaft and bearing) for high pressure. This system was
developed on the vertical roller mill which has achieve satisfactory results. it was introduced from
the latter half of the 1990s, and the introduction rate in 2000 is 13%.
This system installs a vertical roller mill (of high grinding efficiency) for a pre-grinding in the
upstream of the tube mill. Clinkers are milled the tum table and 2~4 rollers. The basic structure
is the same as vertical roller mills for raw materials or cement. But the roller mill for pre-grinding
have no classifier and air sweep. Pre-ground clinkers were discharged outside mill. Fine
particles are separated from pre-ground clinkers with vibrating screen, and they are fed to finishing
tube mill.
The structure (Fig.1) and the flow (Fig.2) are shown below.
materiat feeding
(eypsum) BE
clinker BE
[ separator
Technical O ler l | } E % 7t
contents .
roler- tube mill
Y mifl "
pre-grainding X
Fig2 Flow
Fig.1 Structure
[Note]
1) To decrease the specific power consumption in finishing process sufficiently, it is required to
make the size of balls in finish mill smaller.
Int;ft:::t?d 1) Grinding capacity of finish mill increases about 30~60%.
2) Specific power consumption in finishing process decreases 10~20%.
Equipment | About 500~1000 million yen for production capacity about 100 t/h including associated facilities
cost and installation
R_elatlve 1) Introduction of raw material pre-grinding roll crusher
items
References 1) Cement Manufacturing Technology Symposium, No.46, p.21 (1989)

2) Cement Manufacturing Technology Symposium, No.44, p.56 (1987)
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